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ABSTRACT

Perfluorostyrene was synthesized.and several attempts to
prepare perfluorostyrene epoxide were not successfﬁl. Perfluorofpoly-
ether diacids), acid fluorides, nitriles and esters were prepared.
Perfluoro-p-bromo-octyl benzene was synthesized. A high molecular weight

perfluoro(polyether)-substituted s-triazine fluid was prepared.

This abstract is subject to special export controls and each transmittal
to foreign governments or foreign nationals may be made only with approval
of the Air Force Materials Laboratory, Wright-Patterson Air Force Base,
Ohio 45433,
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GLOSSARY OF TERMS

Throughout this report the following system of nomenclature has

been adopted for ‘the following structures:

Name Structure
I | i
sym—~DEDAF FC—CF(CF3)O(CFZ)SOCF(CFB)—CF
i | i
A
unsym-DEDAF FC—(CF2)40CF(CF3)CFZOCF(CF3)-CF
] 4
sym- & unsym—-DEDAME CH3OC— —COCH3
sym- & unsym-DEDA HOOC- ~-COOH
i ;
sym- & unsym-DEDAA H,NC- ' ~CNH,,
sym- & unsym-DEDN NC- -CN
DEDAF mixture of sym- & unsym-DEDAF
0
roe bcrp |
PFG FC(CF2)3 F
T
|
BFGC1 ClC(CF2)3CC1
HFPE CF ,CFCF,0
3 2
MEDAF FOC(CF2)4OCF(CF3)COF
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INTRODUCTION

Present and future space requirements have created a critical
need for new and improved matérials for use in aircraft and missiles. These
materials, many of them non-metallic, must function uﬁder extreme environ-
mental conditions and serve a variety of purposes. In preparing materials
to meet these requirements, particularly polymeric materials, it is neces-
sary to obtain monomers which, on the basis of both empirical and
theoretical evidence, can be polymerized to give new materials exhibiting
the desired properties. The preparation of new, tallor-made monomers is
frequently an expensive and time-consuming process resulting in delays in
synthesis and evaluation of the system under study.

In general, replacement of hydrogen with fluoriﬁe-on a polymer
chain regults in dramatic changes in properties of the polymer. The
fluorocarbon analogs of hydrocarbon polymers exhibit greatly improved
thermal, oxidative, and wide spectrum chemical stability. Unfortunately,
assoclated with these beneficial changes in properties is an increase in
polymer backbone rigidity with consequent increase in the polymer glass
temperature.1 In order to take advantage of the good high temperature
resistance and chemical properties of fluorocarbon polymers, current
research is being directed toward the synthesis of polymers containing
hetercatoms in the polymer chain. The increase in chain flexibility by
the inclusion of sulfur in the polymer chain is evidenced by the low Ig
of poly(thiocarbonyl fluoride)2 at -118°. 1In addition, poly(perfluoro-
3:% is flexible at -80°, -60°.

The object of this contract 1s to synthesize functional ali-

tetramethylene oxide)

phatic or aromatic ether monomers which may be used by the Air Force
Materials Laboratory in the preparation of thermally and oxidatively stable

materials ranging in properties from fluids to elastomers.



DISCUSSION

I. Synthesis of Perfluoropropvlene Epoxide

QOligomer Acid Fluorides and Derivatives,
DEDAF, DEDAME, DEDA and DEDN

One of the most convenient routes to these compounds is that
of Fritz, Moore, and Selmans in which they found that fluorocarbon
polyether acid fluorides could be prepared through oligomerization of
hexafluoropropylene epoxide (HEPE). This may be conveniently carried
out through fluoride ion initiation in a suitable high dielectric solvent
such as acetonitrile or diglyme.

Thus,

| | CsF
26 digiyme i’

CSF?G{CF{CF3}€F2D}XCF(CF3}€GF
HFPE rearranges in the presence of CsF to yield the attacking species,
the heptafluoropropoxide ion.

'CF3C§'CF25 + CsF m> C3F?G Cs

Fluorocarbon ketones and acid fluorides were alsc found to react
with CsF to give the corresponding fluorocarbon alkoxides. Thﬁs,ka wide
variety of reaction products may be produced using different initiating
species. By varying reaction conditions a reasonable degree of control
over product distribution may be exercised.

One of the objectives under this contract was the synthesis of

diacids and dinitriles containing two ether éxygen atoms. It was found

possible té obtain suitable difunctional acid fluorides in 50% yield through

reaction of HFPE with perfluoroglutaryl fluoride at 30-40°. The overall

reaction is as follows:

[}
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(CF,) 4(COC1),, + KF Qi§%§§%> (CF,) ,(COP), 80%
)  diglyme
(CF,) 4(COF),, + CF,CFCF,0 —353%53—>

80% sym-DEDAF FOC(CF3)CF0(CF CF(CFB)COF

2)5
OCF(CF3)COF

. 50%
207 unsym-DEDAF FOC(CF,),
plus

C3F70CF(CF3)COF and longer chain polyether diacid fluorides.

Since these difunctional ethers are to be used in evaluation
of new polymer systems, a primary consideration in this synthesis is

that of product purity. Unfortunately, the isomeric DEDAF's

(dietherdiacid fluorides) or their derivatives are not separable by

distillation. No chromatographic stationary phase has been found

suitable for this separation. However, the isomeric methyl esters are
found to be difficultly separable on an extended preparative GLC column.
[80" 20% W-98 (silicone gum rubber) on Prep. grade Chromatoport S plus

80", 10% Carbowax 20M on Chromatosorb G with a column temperature of 125°
and injection temperature of 210°.] Infrared spectra of the sym and unsym-
DEDAME isomers are shown- in Figures 1 and 2.

Because of this difficulty in separation of the isomeric DEDAF's
it was considered advisable to carry out some preliminary investigation,
at the Air Force Materials Laboratory, using derivatives of the mixed
isomers. Several hundred grams of the two isomeric DEDAF's were prepared
and from these acid fluorides the corresponding diether diacids and

dinitriles were prepared. Thus,

CsF 5
2 Diglyme

1. CF3EFCF26 + (CF

2)2(C0F)

o



30/70 mixt.

2. I/1I1 +

3. (30/70) I/II + CH,OH

4. V/VI + NH

5. VII/VIII + P

‘ CH40C0 (CF ;)CFO (CF

FOC(CF GC?(CFB}CF29CF(G?3)CGF

224

FGC{CF3)CFO(CF OCF(CF3}CQF

2)5

plus other oligomers and home oligomers
of HFPE

H2G

HOOC (CF

>

2)¢GCF(CFB)CercF(CFB)CGGH

HGQC(CFa}CFG(CF

Z}SGCF(CFS)CGOH

>

3

CH GCG(CFz)QGCF{CF3)CF238F(CF3)CODCH

3 3

OCF(CFS}CGGCH

2)5 3

>

3

NHchCCF GCF{CF3}CFZGC?(CF3)€GNH

224 2
NH2C0(CF3)CFG{CF GCF(C?3)CGNH

2)5 2

205 >

NC(CF GCF(CFa}CFZGCF(CF3)CN

24
NC(C?z)CFﬁ(CFZ)SOCF(CFB}CN

II

III

v

VI

(13

VII

VIII

IX

Infrared spectra of the mixed isomer diacids (II/III) and
dinitriles (IX/X) are shown in Figures 12 and 13.

II. Synthesis of Perfluocrostyrene
$yhthesis of perfluorostyrene was carried out essentially as
described by Tamberskisa with the exception that the immediate penta- &

fluorophenyl copper was prepared in situ.

All reactants were cembined,
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and the product distilled from the reaction mixture.

DMAC
(CgFSL + CF,=CFI  gurs o> CcF.CF=CF, + Cul,

Two small scale trial runs were carried out initially to

determine suitable reaction conditions and also to determine the

reactions gave 41 and 25% yields in open and closed systems.

Scale-up to a 1.7 mole run in an open system gave a 28% yield
of perfluorostyrene. An infrared spectrum of the distilled product
boiling at 121-122° was identical to that of an authentic sample of
perfluorostyrene (Figure 3).

ITI. Attempted Synthesis of

Perfluorostyrene Epoxide

effectiveness of a new copper dust reagent being used. The small scale
Oligomerization or polymerization of perfluorosfyrene epoxide

should yield fluids and polymers having good thermal and chemical

properties. '

Several methods of synthesis of perfluorostyrene epoxidé are

suggested by literature references. The following three approaches were

‘attempted.
1. C,F.CF=CF.+ 0,
, 65 2t 9,
c1
2
2. C,F.COF + CF.CFCF.0 C.F.CFCE. 0
-~ CgF5COF FoCFCF)0 ——1—> CgFgCFCF,
3. C,F.CF=CF. + H.0, —heli .

65 2 272 KOH

The halogen-UV catalyzed epoxidation of fluoroolefins has been
carried out in the synthesis of tetrafluoroethylene oxide6 and the syn-
. thesis of fluorocarbon diepoxides.7

In our initial attempt to epoxidize perfluorostyrene with

oxygen the reaction was carried out at room temperature with the 02/Cl2




pressure maintained at about 760 mm. Oxygen take-up after 24 hours
irradiation was about 62% that calculated for total epoxidation. After
30 hours reaction GLC analysis indicated cemplete reacticn‘of the sty-—
rene. An infrared spectrum of a crude distillation product boiling
about 100° showed absorption maxima at 5.3 and 5.45 microns suggesting
the presence of fluorcaliphatic and 9erf1uorearsmatic‘acid fluoride
carbonyl groups (Figure 4). Comparative infrared spectra of perfluoro-
benzoyl fluoride and perfluorostyrene are shown in Figures 5 and 3. In
addition there was obtained a high boiling,viscous residue. An infrared
spectrum of this product is shown in Figure 6.

The 5.3 micron infrared absorbtion would suggest epoxide for-
mation and rearrangement to pentafluorophenyl acetyl fluoride. 1In addi-
tion the presence of the apparent polymeric matérial would further
suggest epoxide oligomerization or styrene polymerization was occurring.

In view of this, it was considered advisable to determine if
perfluorostyrene could be polymerized under similar conditions. Irradiation
of perfluorostyrene for 72 hours at ambient temperature yilelded a viscous,
light brown liquid. Upon removal of volatiles, at 100° under vacuum
(mostly unreacted styrene) a low melting solid polymer was obtained. An
infrared spectrum of this polymer (Fig. 7) shows some similarity to that
obtained in the epoxidation attempts but shows a strong maximum ét 5;6
microns. ,

Fair yields of fluorocarbon diepoxides were prepared at PCR
under an Air Force contract? by bubbling 62 through the corresponding
diene. The high styrene to oxygen ratio and the polymerizability of
perfluorostyrene appeared to preclude the success of this approach in the
present synthesis.

In view of this it was reasoned that polymerization may be
reduced or even eliminated by increasing the oxygen to styrene ratio.
Thus, homopolymerization may be initiated but the presence of a high

oxygen ratio may interrupt or eliminate polymerization.

1



r——> (?FCF ) (CFCF 0}
i C

6°5 C6F5
)
C¢F CF=CF, —_—ls
. CFCF.0 £CFCF..0)
2 > 2%
CoFs CeFs

or oxidation to perfluorobenzoyl fluoride may occur.

0
: 2
C6F5CF-CF2 > CGFSCOF + COF2

In carrying out this reaction a high oxygen ratio was obtained
by adding oxygen, containing about 0.75% chlorine, to a 6-liter, evacuated
system containing perfluorostyrene., The lower part of the system was
heated to 100° while the upper portion was irradiated with a Hanovia
desk U.V. lamp. An initial reflux stopped after about 1.5 hours
irradiation and an infrared spectrum of the overgases showed the presence
of COF2 and SiF4. The remaining reaction mixture, which had darkened,
was mainly composed of perfluorobenzoyl fluoride and unreacted perfluoro-
styrene. No epoxide nor tﬁe presence of aliphatic COF was detected.

By analogy to the difluorocarbene addition in the synthesis of
tetrafluorothiirane9 it was considered possible to make a similar addition
to the carbonyl group in pentafluorobenzoyl fluoride. Thus,

C_F.COF + CF.EFCF.0 —13° . ¢ 7. FCF.0 + CF.COF
6°5 3CFCF, 6 5CFCEy 3

HFPE 1is reported to decompose at 170° to give trifluoroacetyl

fluoride and difluorocarbene.

S
-CF3CFCF2(I) ———> CF,COF + CF,:

Our initial attempt was not successful. After heating the




epoxide and acid fluoride at 175° for 48 hours there was no indication of
the presence of perfluorostyrene epoxide.

A model reaction was run to determine the extent of decomposi-
tion of HFPE at 200°. After 48 hours at this temperature an ampole
'cantaiﬁing HFPE was noted to contain white solids. After being removed from
the heater and allowed to cool for several minutes the ampéule exploded when
Jarred slightly. The calculated pressure in the ampoule (>200 psia) was not
sufficient to burst the amﬁcale used. This is especially true if the €2F4
generated in decomposition polymerized to the noted solid.

Although the occurence of this explosion is reminiscent of
poly(tetrafluoroethylene peroxide) detonations, it would appear more
reasonable to assume that the ampoule contained some strains. A slight
jar apparently was sufficient to initiate rupture of the ampoule.

SeyferthIG recently prepared epoxides by carbene addition to
carbonyl compounds. Seyferth's work and our unsuccessful attempt to epoxid-
ize perfluorostyrene would suggest the second method above, or a modifica-
tion of this method, as the most promising approach to the synthesis of
perfluorostyrene epoxide. .

Carbene sources other than that derived from HFPE may be more
appropriate since the success of this reaction would depend on the relative
thermal stabilities of the two epoxides. Thus, the following equilibria
would presumably occur. A greater stability for the aromatic epoxide

would be required, as indicated.

I / 175°
CF3CFCF28 €F3COF + CF2'

: ,
f:&FS&FCFEG ——— C/FCOF + CF,:

Possibly a better carbene source (as suggested by C. Tamborski,
Air Force Materials Laboratory) would be through thermal decomposition of
CFBS§{€HS}3' o
of CEFQ’ to give a nearly quantitative yield ™ of perfluorocyclopropane.

This organometallic compound decomposes at 150° in the presence

Se}ffezthl2 found that this decomposition could be carried out as low as 80°
in the presence of Nal in glyme.
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Reaction 3 was also attempted. Only unreacted starting
materlial was recovered when perfluorostyrene was allowed to react with basic
H202 in methanol/ water at -40°. Only about half of the unreacted styrene

and no identifiable aromatic by-products were recovered.

Tv. Synthesis of Perfluoro-p-bromo octyl benzene

The method used in the synthesis of the titled compound is that
described by Dr. C. Tamborski (letter and note, 9 July 1969). The reaction

scheme is as follows:

AlBr3
1. p—C6F4H2 + Br2 HZSO4'BOZ SO3> p—C6F4Br2, 59%7 1
THF
2. 1+ C,HMgBr —go CucT;” II o
53%
3. II + CF COCL —=—> p-BrC,F,COC.F -~  III
4. TII + SF HF . o-BrC F,CF 76% v
4 6 4817

An overall yield of 23.47% was obtained starting with p—C6F4H2.

In our first attempt to carry out the final ketone fluorination
step using SF4 with AlF3 as a catalyst no fluorination occurred. Essentially
all of the starting ketone was recovered by distillation. In a second
attempt a 767 yield of p—BrC6F4C8Fl7 was obtained by carrying out the SF4
fluorination in anhydrous HF. An infrared spectrum is consistent with the
structure assigned this compound. This product, 33 g., was sent to the

Materials Laboratory.

v. Synthesis of (C.F-O[CF(CF.)CF.0].CF[CF,]CN)
3_ / J 2——J > J 3

Technological advances in the fields of aeronautics and astro-

nautics place ever increasing demands on materials of construction as well
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as on supporting systems. One area of particular urgency is that of fluids
which exhibit useful properties and are stable over wide temperature
extremes.

A system which has shown considerable promise as a thermally
and oxidatively stable hydraulic fluid is that of the perfluorocalkylether-
substituted s-triazines. A number of s-triazine fluids were synthesized at
Peninsular ChemResearch under a program with the Bureau of Ships.13 of
particular interest in this series of fluids was a fluid having the

following structure.

/N-
< ca
;O (CF1)CFCF,0] 4 (CF)CF f i? CF (CF ) [0CF ,GF (CF ;) ] ,0C F

N N
S~c

CF{CFB)[OCFECF(CF3}]3GC3F?

CSF

This fluid has a mol. wt. of 2577 g/mole, boils at 175-177° at
0.08 mm and has a pour point of -45° F. The estimated boiling point of this
fluid at atmospheric pressure is. 830° F, indicating a fluid range of 875° F.

Approximately 800 g. of this fluid was synthesized using the

following six step reaction.

_ 32.5% | ,
1. C?aﬂF-CFz + 3232 ——ts CFsééﬁFEG 1
CgF

2. I &§§E§;E§ C3F?O[C?{CFa}CFZG}nCF(CFS)CGF (I1)

{39% where n=3)

— (111)
3. II + NH, > L3F?GE }SCF{CFB}CGNﬂz
4. III + P,0, —> C4F.0l[ 15CF (CF4)CN (v)
(Step 3 and 4, 82%)
5. IV + NH3 —_— CSF?Gf }BCF(€F3)C(=RH)NH2 W)
6 v N, [c.F.0l 1.CF(CF.)CN]
: 37 3 3 3

(Steps 5 and 6, 947)
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Starting with hexafluoropropene (HFPE no longer coﬁmercially
available) an overall yield of 9.8% of the desired s-triazine fluid was
obtained.

As may be anticipated the oligomerization reaction, step 2, is a
low yield reaction. Normally a yield of 20 to 25% of pentomer acid fluoride
is obtained. Several experiments were conducted in an attempt to determine
degree of oligomerization and product distribution with respect to tempera-

ture. ‘The following results were obtained.

QGE7O|CF(CFS)CFZQJHCF(CFa)COF

Reaction Predominant
Temperature n in product
-15° no reaction
15° 0,1,2,3
n 55° 0, 1, 2

It was found that by recharging oligomers where n=0, 1 and 2 a
predominance of the desired oligomer (n=3) may be obtained. Thus, the follow-
ing oligomer distribution was obtained when low mol. wt. oligomers were

allowed to react with HFPE.

C4F,0[CF (CF ,)CF,0] CF(CF,)COF

Product Distribution

wt. Z of Product

nmbwboHRO B

0
0
2
54
33
11

vl

VI. Miscellaneous Reactions

In the synthesis of the DEDAF fluorocarbon diacid fluorides a
number of by-product acid fluorides are also obtained. Synthesis of

C3F7OCF(CF3)I would be of interest in cross coupling reactions to modify




fluid properties. In addition, the diacid and dinitriles of MEDAF and
homologues having mol. wt. greater than DEDAF may be used in the synthesis

of new polymers. -
Initially an attempt was made to prepare the above iodide by

decarboxylation of the acid fluoride in the presence of KI. No apparent

reaction occurred at 200°.
A small quantity of the iodide was prepared by the Hunsdiecker

Reaction.



EXPERIMENTAL

I. Synthesis of DEDAF and DEDAME

A, Synthesis of Perfluoroglutaryl
Fluoride, PFGF

A 5-liter, 3-neck flask was charged with KF (500 g., 8.62
moles) and heated at 150° under vacuum for 18 hours; it was then cooled
and Diglyme (2000 ml.), freshly distilled from sodium, was added. The
flask was fitted with a stirrer, an addition funnel containing HFGC1
(800 g., 2.84 moles), and a Vigreaux column topped with an iced water-
cooled distillation head vented to a -183° trap. The reaction flask was
heated té v125° and the perfluoroglutaryl chloride was added at a rate
sufficient to allow a convenient distillation of the PFGF. The PFGF,
distilling at 45-50°, was found to weigh 565 g. (80% conversion) and
was shown to be 98% pure by GLC (6', 15% PFOX/75 on HMDS treated Gas

Chrom Cl, room temp).

B. Reaction of Perfluoroglutaryl Fluoride

With Hexafluoropropylene Epoxide

Cesium fluoride (59.2 g., 0.40 moles) and a stirring bar were
placed in a 5-liter, l-neck flask and heated at 150° under vacuum for
18 hours. The flask was cooled and Diglyme (740 ml.), freshly distilled
from sodium, was added. The flask was then fitted with an addition
funnel containing PFGF (564 g., 2.31 moles) which was added dropwise. A
slight exotherm was noted. After the addition of PFGF was completed,
the flask was cooled in a water bath and connected to a cylinder of HEPE

via a manifold for reading pressures from O to 1500 mm.

-13-
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A pressure of V1000 mm was maintained as the HFPE (1173 g., 7.07 moles)

was bled into the reaction flask. It was necessary to continually add

ice to the water bath to maintain a temperature of 30-40°. It was observed
that vigorous stirring greatly increased the rate of HFPE up-take.
Immediately after the addition was completed (about two hours reaction
time) the product mixture was distilled on a 900-cm. glass-packed column -
to give the following:

Boiling Range Weight in Grams Remarks

: CF, O
56-59° 203 C3F?GéFé—gF‘
59-108° 42

SR N

108-112° 123 FC(CF2)40€F——CF (MEDAF)
112-155° 87
155-158° 662 DEDAF
158-172° 22
Pot Residue 370 Longer chain adducts of

HFPE to PFGF.

C. Reaction of DEDAF with Methanol

A I-liter polyethylene bottle was charged with CH3GH (200 g.,
6.25 moles) and a stirring bar, and was fitted with an addition funnel
containing DEDAF (662 g., 1.15 moles). The system was vented to a -183°
trap. The alcohol was stirred and the DEDAF was rapidly added dropwise.
A small exotherm was observed but no HF collected in the -183° trap.
After the addition was completed the mixture was stirred for 16 hours.
it was then poured into an excess of water and the bottom layer was
separated and dried over molecular sieve to give 599 g. (87% yield) of
DEDAME. |

Aftempteé purification by preparative scale GLC gave a low
yield of sym-DEDAME of only 927% purity. Infrared spectra of the sym and

usym-DEDAME isomers are shown in Figures 1 and 2.
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ITI. Synthesis of Perfluorostyrene

A. Small Scale Reactions of Pentafluorophenyl
Iodide with Iodotrifluoro Ethylene

Small scale reactions have been run in both open and closed

systems.

Open System Reaction

A stirring bar, Fisher purified electrolytic copper dust (19.2 g.,
0.30 mole), dimethylacetamide (180 ml.), C6F51 (29.4 g., 0.10 mole), and
CF,=CFI (20.8 g., 0.10 mole) were placed in a 250-ml. flask fitted with a
water-cooled condenser topped by a -78° condenser vented to a -183° trap.
The reaction mixture was stirred and slowly heated. After 38 minutes
the temperature had reached 65° and a slight clouding was observed. The
mixture then gradually became a darker red color as the temperature was
increased. At a temperature of 110° a slow reflux was observed. After
2 1/2 hours a temperature of 142° was reached and then it began to fall.
After another 40 minutes the reaction mixture was at 135° and heating was
discontinued. Distillation of the mixture gave‘a fraction boiling at
106-108° which was shown by GLC (6', 5% Bentone 34 and 57 Diisodecyl-
phthalate on Gas Chrom P, 30°) to be 957% C6F5C F=CF2; an infrared spectrum
(Figure 3) was identical to that of an authentic sample of perfluorostyrene.

The total yield of 10.2 g. represents a 417 yield.

Closed System Reaction

A 3-0z. Fischer-Porter tube was charged with C6F51 (29.4 ¢g.,

0.10 mole), CF,CF,I (20.8 g., 0.10 mole), Cu (19.2 g., 0.30 mole), and
DMA (19 ml.) and put into a heater-shaker. The temperature was gradually
raised to 98° over a 5 1/2 hour period and then maintained at this
‘temperature for one hour. The mixture was then cooled to ambient tempera-
ture and the liquid product was analyzed by GLC to determine that C_F_CF=CF

6°5 2
had been synthesized in approximately 257 yield.
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B. Scale~up of Reaction of Pentafluorophenyl
Iodide with Iodotrifluoroethylene

A stirring bar, Fisher purified electrolytic copper dust
254 g., 4.0 moles), dimethylacetamide (1,500 ml.), CSFSI (500 g.,
1.70 moles), and €F2=CFI (354 g., 1.70 moles) were placed in a 5-liter
flask fitted with a water-cooled condenser topped by a -78° condenser
vented to a -183° trap. The reaction mixture was stirred and slowly
heated to 140° where it was maintained for 16 hours. An infrared
spectrum of the volatiles caught in the -183° trap (88 g.) indicated
the presence of €F2=CF-€F=CF2.
The product mixture was distilled on a glass-packed columm to

give the following:

Boiling Range Weight in Grams
31-76° 31
76-108° 121
108-120° 126
120-145° 54

The fractions boiling from 76° to 120° were re-distilled on a spinning
band colum to give the following:

Boiling Range  Weight in Grams % C.F.CF=CF, by GLC
56-87° 18
87-88° 47
88-92° 38
92°-120° 14 48
120° 47 | 99
121-122° 65 99
Pot Residue 7

The above represents 119 g. of CgF 5 CF=CF, (28% yield).



- ITI. Attempted Syntheses of

Perfluorostyrene Epoxide

A. Reaction of Benzoyl Fluoride

With Hexafluoropropylene Epoxide

Ii
A 13-ml. ampoule was charged with C6F5CF (0.68 g., 3.17 mmoles)

' /\
and CF3CFCF2 (0.53 g., 3.18 mmoles) and heated at 175° for 48 hours.
Examination of the liquid product by GLC and infrared spectra gave no

indication of the formation of the desired epoxide.

B. Reaction of Perfluorostyrene with Oxygen

A stirring bar was placed in a 1-liter Vycor flask; the flask
was then charged with C6FSCF=CF2 (20.0 g., 80.6 mmoles), cooled in liquid

air, evacuated, and connected to a vacuum manifold. A gylinder of 02
- containing 0.75% Cl2 was also connected to the manifold. After the flask
warmed to amblent temperature it was opened to the manifold and irradiated
with U.V. light from a Hanovia 60-watt table lamp. The pressure of 02/012
in the manifold and flask was maintained at approximately atmospheric
pressure. After 24 hours 62% of the theoretical amount of O2 for reaction
to the epoxide had been added. After 30 hours the flask was opened and
considerable fuming occurred. A colored liquid (8.7 g.) was removed,

and a small amount of colored polymeric solid was left. A GLC of the
liquid product compared with CeFSCF=CF2 as a reference indicated no
C6F5CF=CF2 to be present. A crude distillation was carried out. A
volatile fraction was obtained gnd was found to be SiF4. An infrared
spectrum (Figure 4) of an intermediate boiling fraction, indicated the
presence of both aliphatic and aromatic acid fluoride groups (b. 100°).

A reference infrared spectrum of pentafluorobenzoyl fluoride is shown in

Figure 5. An infrared spectrum (Figure 6) of the viscous pot residue did not
- -0
I

indicate any -CF.

- ) In an attempt to increase the 02/styrene ratio a second reaction

was attempted.
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Into a 1-liter Vycor flask connected by a glass "T" to an -
inverted 5-liter flask was added 10.0 g. (40mM) of C¢F-CF=CF,. The
lower flask was cooled to -183°, evacuated, then warmed to room temperature.
Oxygen, containing 0.75%Z chlorine, was then added to the system to a
pressure of 190 mm (approximately 60mM). While stirring with a magnetic
stirrer, the styrene in the lower flask was heated to 100° and irradiated
with a 40-watt Hanovia model 30620 U. V. lamp. After irradiation for 1.5
hours no detectable change in 02 pressure was noted, however, the liquid
in the Vycor flask changed from the original clear liquid to dark brown.
On removal of the overgases (principally COF, and §iF,, by IR analysis)
and the high boiling vacuum transfergble liquid {CﬁFSCOF and CeFSCF=CF2)
a8 dark viscous residue remained. No evidence was found for the presence

of the desired epoxide.

with Perfluorostyrene

€. Reaction of HZQQ

To a 250-ml., 3-neck flask fitted with a thermometer, a dropping
funnel, and a Vigreaux column which was vented to a -183° coid trap was
added 20 ml. of HEQ, 10.5 g. of KOH and 125 ml. of CHBGH. The solution
was cooled to —40° and while stirring with a magnetic stirrer 60 ml. of
50% B0, was slowly added. To this reaction mixture, at -40°, was added

drapw§s§ 24.8 g. (0.1 mole) of CgFsCF=CF,. On completion of addition the
mixture was stirred for 2 hours at -40°, then 16 hours at ambient tempera-
ture. The mixture separated into two layers. The lower layer was found
to be unreacted styrene, 12.5 g. No other reaction products were

detected.

IV. U.V. Initiated Polymerization of

Perfluocrostyrene

Into a 1-liter Vycor flask was placed 5 g. (20mM) perfluoro-
styrene. The flask was cooled to -183°, evacuated, then exposed to a
40-watt Hanovia U.V. lamp for 72 hours at ambient temperature. At the
end of this time the volatiles were removed at 100° under vacuum leaving

a low melting solid polymer. An infrared spectrum of this polymer is
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- shown in Figure 7. Infrared analysis of the volatiles showed the presence

of SiF4 and CO2 (presumed to be due to alr leakage in the system).

V. Synthesis of 1-Iodo-1-Heptafluoro-

propoxy- 1,2,2,2-tetrafluoroethane

A, Attempted Reaction of Potassium Iodide

With 2-Heptafluoropropoxy-

tetrafluoropropanoyl Fluoride

0
' I
7OCF(CF3)CF + KI—>
C3F7OCF(CF3)I, a 300 ml. stainless steel autoclave was charged with

In an attempt to effect the reaction C3F

0
It
C3F70CF(CF3)CF (100 g., 0.30 mole) and KI (60 g., 0.36 mole) and heated
0
I
at 200° for 8 hours. Only unreacted C3F7OCF(CF3)CF was obtained as a

liquid product.

B. Synthesis Using the Hunsdiecker Reaction

1. Synthesis of C3E70CF(CF°)COOH

Calcium chloride (90 g., 0.81 mole) was dissolved in 200 g. of

0
| .
H20. To this solution C3F70CF(CF3)JF (120 g., 0.36 mole) was added with
stirring. The mixture was stirred for 16 hours and then filtered to
remove CaFZ. The filtrate was transferred to a separatory funnel where

the bottom layer was removed yielding 116 g. (97% yield) of

o
C,F OC—~—EOH.
377 |
F

2. Reaction of C3§7OCF(CF°)COOH with Agzg

il
Dioxane (100 ml.), C3F7OCF(CF3)COH (20.0 g., 60.2 mmoles),
. and Ag20 (7.0 g., 30.1 mmoles) were stirred together for 48 hours. The




mixture was then filtered and the filtrate was evaporated to dryness to

0
|
leave 26.5 g. (100% conversion)of white, crystalline CSF?GCF(CFB}CSLg.
1
3. Reaction of C,F.OCF(CF,)COAg with I,
i -

Iodine (17.8 g., 70 mmoles) and C3F?GCF(CF3)gGAg (26.5 g.,

60 mmoles) were mixed together and placed in a 250-ml. flask fitted with
a distilling head and condenser emptying into a receiver vented to a
-183° trap. The reaction mixture was heated at ~175° for 16 hours and
v2 g. of liquid product was obtained. An infrared spectrum (Fig. 8) of

this product is consistent with that expected for CBF?OCF(CF3)I.

VI. Synthesis of p-ngaggg

Into a 1-liter, 2-neck flask fitted with an addition funnel and

a reflux condenser connected to a cold trap was placed 455 g. (2.84 moles)

of Brz, 5.25 g. (187. mM) of AlBr3 and 158 ml. of 307 fuming H2504. At

arbient temperature 105 g. (0.7 mole) of p—CﬁFéH2 was added dropwise.
While stirring with a magnetic stirrer, the mixture was heated to 60° for
3 hours. The mixture was then poured over ice and the lower, dark brown

layer, decanted. When this liquid was washed with Na CGB soclution a light

2
brown solid was obtained. Washing with sodium bisulfite solution followed

by a water wash and drying yielded 127 g. (0.41 mole), 58.5% yield, of
p—CéF Brz, m.p. 78-9°. An infrared spectrum of this compound is shown in

4
Figure 9.

VIiI. Synthesis of p—-BrC, F,COC_F
64 7-15

Into a 1-1iter, 3-neck flask fitted with a thermometer, reflux
condenser vented through a -183° trap and a dropping funnel was added
500 g. {G.iéE mole) p-C¢FcBr, and 417 ml. of tetrahydrofuran. The
reaction mixture was cooled to 0° and while stirring with a magnetic

stirrer 74 ml. (0.162 mole) of GZHSKgBr in ether was added dropwise.
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After addition, mixing was continued for 2 hours at 0°, then 15.8 g.

(0.162 mole) of CuCl2 was added. The ice-water bath was removed and

‘the mixture was stirred for an additional 2 hours. To this mixture was

then added 69.5 g. (0.162 mole) of C7F15C001 and mixing was continued
for 16 hours.

The reaction mixture was again cooled to 0° and 6N HCl added.
After removal of the solids.by filtration, the aqueous layer was decanted
and dlstlllatlon of the organic layer through an 18", glass helices
packed, distillation column yielded 53.4 g. (0.0854 mole) of p-BrC6F4C0C7F15,
a low melting solid, b.p. 99°/2mm. This represents a 53% yield. An
infrared spectrum of this compound is shown in Fig. 10. Preliminary NMR

analysis is consistent with the structure assigned this compound.

FLUORINE NMR SPECTRAL DATA FOR
p—BrC ¥, COC.F

674 77715
Chemical Shift ‘ "~ Rel.
Desig. (Subst. CF3C00H) Pattern & Splitting Area Assignment
A ~6ppm Multiplet 0.6 impurity
B +2.7 Triplet 2.8 CF3
c +35 - 0.3 impurity
D1 +40 Broad 2.1 CF, next to
. 2
Cco
D, +43 : Broad .
2 roa 8.5 CF2
D3 +47.9 Broad 1.9 CF2 next to
| CF3
D4 +51.4 ‘ Multiplet 1.9 2CF on ring
E +59.3 Broad 1.9 2CF on ring

Ihé'impurities noted are typical of compounds containing a C8

fluorocarbon chain derived from 3M's perfluorooctanoic acid.
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VIII. Synthesis ef;EfBr€§§%Cs§17

i. AlF, Catalyzed SF, Reactioﬁ

3

Into a l.4-liter stainless steel high pressure reactor was
placed 49.0 g. (0.078 mole) of p-BrCQFéCGC?F15, 6.0 g. (0.07 mole) of

ARFB and 78.0 g. (0.722 mole) of SFé. The mixture was heated and rocked

for 120 hours at 170°. The reactor was cooled and vented and the reaction

mixture was washed with a NaHCO, solution followed by a water wash.

3
Distillation through a glass helices packed column gave 43 g. of the
starting ketcné‘(p—BrcéFQCGC?FIS}.

2. §§4 Reaction in HF

The recovered ketone from the previous reaction, 43 g.
(0.069 moles), 20 ml. anhydrous HF, and 27 g. (0.25 mole) of SFQ were
added to a 300-ml. stainless steel high pressure reactor. The mixture
was heated and rocked for 16 hours at 180°. The reactor was cooled,
vented, and the solid reaction product was dissolved in Etzﬁ, then wasﬁed
with NaHCG3 and with Hzﬂ, The Et20 was removed under vacuumlleaving a
brown solid. Recrystallization from EtOH gave 33.8 g. (0.052 mole), 76%
yield, of p-BrC,F,C.F 7> M-P- 53.1° by DSC. An infrared spectrum of

6481
this compound is shown in Figure 11,

IX. Hydrolysis of DEDAF

To a 500-ml. polyethylene bottle containing a stirring bar and
250 ml. of H0 was added 300 g. (0.251 mole) of mixed DEDAF isomers (by
GLC, 70% sym and 307 unsym DEDAF). The DEDAF was added dropwise and the
 solution stirred overnight. CaC12 solution was added and the precipitated
CaF2 removed by filtration. The reaction mixture separated inte two
phases. The lower layer was decanted and distilled through an 18"
distillation column packed with 3/16" glass helices yielding 174.2 g. of
DEDA isomers boiling at 148°/1.5mm. Neutralization equivalent
calcul&tedlfér C;1FyqH,0¢» 286. Found, 283, 286. An infrared spectrum

of these mixed isomeric acids is shown in Fig. 12.

X. Svynthesis of DEDN

Using the method shown in IC, 382 g. (0.663 mole) of DEDAF (as




above 707 sym and 30% unsym.) was converted to the dimethyl ester by
reaction with methanol.

The diester was washed, dried over molecular sieve, then
placed in a 2-liter, 3-neck flask fitted with a stirrer, a gas inlet
tube, and a reflux condenser connected to a bubble counter and a -183°
trap. To the diester was added 500 ml. of Et,0. The solution was

2
cooled to 0° and NH, added at such a rate that only occasional gas

passed through the gubble counter. The solution was saturated with
ammonia, as noted by an increase in bubble rate in the bubble counter.
The Et20 was removed under vacuum leaving a crystalline white diamide,
DEDAA.

The DEDAA was mixed with a large excess of PZOS in a 1-liter,
l-neck flask. The solid mixture was heated to 200° under vacuum and the
volatile product collected as a white solid at -78°. Distillation through
an 18" column packed with 3/16" glass helices gave 178 g. (0.354 mole)
of the dinitrile, DEDN, b.p. 151°. This represents an overall yield of
DEDN from DEDAF of 54%Z. An infrared spectrum of this compound is shown
in Figure 13.

XI. Pyrolysis of CF.CFCF
-

2_..

A 17-ml. heavy wall Pyrex glass ampoule was evacuated, then
charged with a 2.7 g. (16.0 mM) of CF3£;EE;6. The ampoule was heated to
200° for 72 hours. After this time it was noted that the walls of the
ampoule were coated with a white solid. After cooling for a few minutes
the ampoule was placed against a concrete wall. The ampoule received a

slight jar and it exploded.

XII. Synthesis of HFPE

A 50—1;flask was fitted with an internal cooling coil (connected
through a pump to a reservoir of trichloroethylene cooled to -78°), stirrer,
thermometer, addition funnel, and a low-temperature reflux condenser. The

flask was charged with methanol (16 1.), water (2.4 1.) and potassium




hydroxide (1,340 g., 23.9 m.) and immersed in a cooling bath of trichloro-
ethylene. The reflux condenser was filled with dry ice and trichlorethylene
and dry ice was added intermittently to the cooling bath at a rate such that
the temperature of the flask contents maintained at -40 to -50°. While
stirring vigorously HZQZ(S 1., 137 m.) was added slowly through the
addition funnel. As soon as the Hzezaddition was completed the temperature
of the reaction mixture was adjusted to -42 to -45°, and hexafluoro-
propylene (1,618 g., 10.8 m.) was added by inverting a flask containing

the material at -78° and letting the liquid flow through a\peiyethyieae
tube which was temporarily inserted beneath the surface of the reaction
mixture. The mixture was allowed to warm to -38°, and a vigorous reaction
began. Maximum cooling, using both the external bath and internal coil,

was required for approximately 10 minutes. Internal cooling was dis-
continued as the temperature of the reaction mixture began dropping, and
the external cooling bath was used to lower the temperature to -50°. At -
this point the reflux condenser was replaced with a large-bore gas ventk
which led to a series of traps cooled to -78°. The product mixture was
warmed, and at a temperature of -30 to -15° the gaseous product was
vigorously evolved.

The crude product was found to be a mixture of the desired
hexafluoropropylene epoxide, unreacted hexafluoropropylene, and carbon
dioxide. The mixture was bubbled through a 24 inch column containing
glass helices and bromine, and then passed through two -10° condensers.
(Most of the bromine and 1,2-dibromohexafluoropropone was collected in
these traps.) The HFPQXCGE was then vented to a flask fitted with a -78°
condenser where the hexafluoropropylene epoxide was refluxed to remove
carbon dioxide. The purified product was then transferred to a cylinder
and found to weigh 582 g. (32.5% conversion). GLC analysis indicated
essentially pure HFPE containing only a trace of CGZ.

3)CF, 0] ,CF (CF ;) COF

XIII. Synthesis of C3§jQ{CF(CF
- /

Four reactions were carried out in the synthesis of this acid

fluoride. In the first reaction no coolant was used and the temperature

[}

[
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of the reaction rose to about 55°. This resulted in yilelding oligomers
containing 2, 3 and 4 epoxide units. In the second oligomerization the
temperature of the reaction flask was maintained at ¢15° by external
cooling and the major product obtained was the acid fluoride containing
5 epoxide units; however, a considerable amount of lower oligomers was
also obtained. In a third reaction the temperature of the flask was .
maintained at +~15°. No reaction occurred at this temperature.

The conditions employed in the fourth reaction appear to be
best suited for the synthesis of the desired acid fluoride. This reac-
tion is described below.

Cesium fluoride (10 g., 0.066 moles) and a stirring bar were
put into a 5-1. flask and heated at 180° under vacuum for one hour. The
flask was then charged with the dimer, trimer, and tetramer acid
fluorides from the previous reactions in which 1,491 g. (8.98 moles) of
hexafluoropropylene epoxide had been used; to this was added 50 ml. of
Diglyme. The flask was connected to a vacuum manifold and degassed. It
was then cooled to ~2° and hexafluoropropylene epoxide (1,962 g., 11.8
moles) was added at 1000 mm absolute pressure while vigorous stirring
was maintained. The temperature of the reaction mixture was held at
0-4°.

_ Distillation of the product mixture gave none of the dimer

or trimer acid fluoride and only 45 g. (b.p. = 160°) the tetramer. The
major product was the pentamer acid fluoride, b.p. = 202°, which
weighed 1,349 g. An infrared spectrum of the pentamer acid

fluoride 1is shown in Figure 14. This represents a 39% conversion of
the CF3CFCF20 to the desired acid fluoride. Also obtained was 818 g.
(24% conversion) of the hexamer acid fluoride, b.p. = 231-5°, and 287 g.
of higher boiling oligomers.

XIV. Synthesis of C.F.O[CF(CF,)CF,0],CF(CF,)CONH, and
C4F-O[CF(CF,)CF,0] CF CF,)CN

A 5-liter, 2-neck flask was charged with dry ethyl ether
(2,000 ml.) and pentamer acid fluoride (1,188 g., 1.43 meles). A




stirring bar was added, and the flask was fitted with a gas outlet

vented through a bubble counter and a gas inlet, exhausting beneath
the surface of the liquid. - Anhydrous NH3 (100 g., 5.88 moles) was
bubbled in at a rate such that only occasional bubbles were noted to .
exit through the bubble counter. After a marked increase in the rate
of NH3 escaping was observed the addition was continued for an addi-
tional 30 minutes. The solution was stirred for 16 hours. Excess NH3
and (82H5)2§ were removed under vacuum, yielding a viscous liquid
product.

The pentamer acid amide was transferred to a 2-1., l-neck
flask and mixed with P285(1,168 g., 7.75 moles). The flask was fitted
with a short Vigreaux column and distilling head. Heating under full
vacuum gave a vellow liquid product. -This material was redistilled at
atmospheric pressure yielding 944 g. (82% yield) of the pentamer nitrile,
b.p. = 215°., An infrared spectrum of this compound is shown in Figure
15. ‘ ‘

XV. Synthesis of {03§?G§CF(CF3)CFzgj_ch(CF3}C§}3 s=Triazine Fluid

The pentamer nitrile (944 g., 1.17 moles) and a stirring bar -
were placed in a 1l-liter, 2-neck flask fitted with a -78° reflux con-
denser vented to a -183° trap and a gas inlet opening above the surface
of the liquid. The gas inlet was connected to a cylinder of ammonia,
and this material was added as a gas. As the»ﬁﬂs condensed on the reflux
condenser and dropped into the nitrile the reaction with this material
was extremely vigorous. However, no temperature rise was ocbserved. A
total of 70 g. (4.1 moles) of NHB was added. . The excess NH3 was vented
and an infrared spectrum of the product mixture (Fig. 16) indicated that
it was a mixture of an amidine and imidoyl amidine. The CN absorption
had disappeared. ’ | - ) ‘

The -78° condenser was replaced with a water cooled condenser
and the mixture was heated at 220° under reduced pressére (180 mm) for
72 hours. The product mixture was distilled to give 65 g. of lower
boilers and 827 g. (94% yield) of a pale yellow liquid, b.p. = 197°/1.5 mm.
An infrared spectrum of the resultant s-triazine fluid is shown in

Figure 17.
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